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AN ASSESSMENT OF AREAL AND TEMPORAL VARIATIONS IN STREAMFLOW QUALITY
USING SELECTED DATA FROM THE NATIONAL STREAM QUALITY ACCOUNTING NETWORK

by

Timothy Doak Steele, Edward J. Gilroy, and Richard O. Hawkinson
Abstract

Streamflow chemical-quality data and stream-temperature data at
88 stations throughout the United States and Puerto Rico were
analyzed to develop and to evaluate methodologies for the general assess-
ment of the variation of the Nation's streamflow quality conditions in space
and over time. The spatial variation is described by the use of sample
statistics such as minima, maxima, agd means of the variables at each
station. The temporal variation is described by using nonparametric
statistical testing procedures to assess time trends in the data at each
stapion. .

Evaluation of the coefficients (mean, amplitude, phase coefficient)
derived by harmonic analysis of available daily stream-temperature records
indicates adequate depiction of yearly seasonal variability and provides
information relative to spatial variation in stream temperatures‘at most
sites. Lowest harmonic amplitudes, which are indicative of little
seasonal variability in stream temperature, were observed in Florida, along
the eastern Gulf coast, and along the Pacific coast. Greatest annual

variations in stream temperature exists in the Souris, Red (of the North),

and Missouri River basins.
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Temporal variations in stream temperature denoted by significant
changes (at the 99 percent level of confidence) in annual harmonic
coefficients were indicated at 15 of 80 stations used in the evaluation.
Trends in stream temperature were found to exist at one or more stations
in éach of the six following areas: the Atlantic coast above Florida;
Florida and the eastern Gulf; the Souris River, Red River of the Nortﬁ,
and Missouri River basins; the Texas Gulf and Rio Grande area; the
Colorado River basin; and the Pacific coast aréa.

Significant trends (at the 99 percent level of confidence) were
found in the long-term streamflow chemical quality record at 15 of 88
stations analyzed. Of these stations, 10 showed an increase in levels
of specific conductances while 5 sﬁowed a decrease. Trends were
indicated for water-quality data from stations located in the following
areas: the Atlan;ic coast above Florida; the Sduris River, Red River
of the Nortp, and Missouri River basins; the Arkansas and Red River

basins; the Texas Gulf and Rio Grande area; the Colorado River basin;

and the Pacific coast area.



® INTRODUCTION

An article in Science by Wolman (1971) expressed concern over
quality of the Nation's rivers and questioned the adequacy of historical
water-quality data for evaluating long-term changes in streamflow
quaiity. This concern is shared by the Geological Survey, as illustrated
by its principal role in the collection and interpretation of hydrologic
data which are used by Federal, regional, State, and local "action"
agencies in development of management plans for the Nation's water
resources. To perform its function effectively and efficiently, the
Survey must anticipate data demands and provide the action agencies
with relevant information requisite to'their water-resources planning
and management decisions.

. Other Federa}l and State agencies traditionally have carried out
various forms of hydrological data-collection activities but generally
not to the extéht of nationwide station and water-quality variable
coverage and systematic detail as done by the Survey for streamflow
quality. Admittedly, the extent of water-quality variable coverage by
the Survey until recent years has been limited as to the adequacy of
the data base to provide information leading to better understanding of
the complex physical processes (both natural and human-induced) affecting
streamflow quality for certain types of problems. Nonetheless, several
indicators of streamflow quality, available in the backfile of historical
records, provide data useful for evaluating nationwide areal variations

as well as long-term temporal changes.
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Purpose and Scope

The purpose of this report is three-fold: (1) to describe
aﬁalytical approaches for evaluating areal variations and temporal
éhapges in both stream temperature and selected streamflow chemical-
quality variables--nitrate, chloride, dissolved solids, specific
conductance, and total hardness; (2) to tabulate and discuss results
of the application of these procedures to available station records
selected nationwide for assessment of present conditions as well as of
temporal changes in stream quality, and (3) to delineate specific needs
requiring further study.

The request for a national assessment was made specifically to the
Geological Survey by the Council on Eﬁvironmental Quality (CEQ) during
November 1972. In assembling information for its fourth annual assessment,
CEQ desired to expand upon its description of the Nation's water quality
which for the previous (third) assessment had been provided largely by
a report‘from Enviro Control, Inc. (1972).

After further discussions between personnel of CEQ and the Survey,
it was finally determined in late January 1973 that the Survey would
proceed with an assessment along the lines prescribed by CEQ, but that
such an assessment would be carried out for an internal evaluation of
operations of the Survey's National Stream Quality Accounting Network
rather than solely for the purposes of CEQ. However, the time constraints
placed upon CEQ's annual report limited the scope of this evaluation in

terms of areal and data coverage to 88 stations as well as in terms of the

analytical tools applied with the aid of the digital computer. In summary,
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.0 this report is intended to describe and to document the products of
the assessment which were carried out during February and March 1973
and a part of which were summarized in CEQ's fourth annual report
(1973, pp. 283-284). Certain extensions or refinements of the
results of this assessment or in the techniques applied will be

discussed in a subsequent section in the report on future studies.



Station Selection

Station selection was based upon availability of records of stream-
fiow-chemical quality rather than of stream temperature. Because the
original approach to the assessment dictated limiting any analysis to
those records of streamflow quality in computerized form, initial screen-
ing of available data was made using a station catalog compiled by the
Office of Water Data Coordination (OWDC) (U.S. Geological Survey, 1972)
followed by retrieval of the station records from the Water Quality
File. For purposes of this assessment, station records were selected
from those sites designated within the National Stream Quality Accounting
Network (hereafter referred to as NASQAN) and operated by the U.S. Geological
Survey. Of the 386 ongoing s;tes as of November 1972 (U.S. Geological
Survey, 1972, appendix C), 261 stations are or have been operated under
various Survey data-collection programs.

During the screening process, it was found that some qualification
and considerably more detail was required than that provided by the OWDC
catalog. For example, the catalog did not indicate interim discontinuance
of station records, and several stations were found to have an intervening
period when no data were collected. On the other hand, data records for
a few of the stations included in the screening process extended beyond
the period of record indicated by the catalog. Second, Survey station
operation is commonly initiated at the beginning of a water year, so that
the catalog's calendar year designations may actually indicate 3 or

.9  months of temporal coverage.



As might be expecfed, the part of the published record stored
in computerized form on the Water Quality File or Daily Values File
varies greatly and co?erage was particularly spotty at stations prior
to the 1960 water year for both streamflow chemical quality and stream
temperature. Based upon an arbitrary classification scheme for
categorizing periods of record for each station record, the amount of
data in computérized form comparable to that indicated by the OWDC

Catalog was reduced as follows for the 261 Survey-operated stations:

Station Category: A B C D X
Class limits (years of

Tecord):
(a) equal to or greater

than . 21 16 11 6 -  years
(b) less than or equal to < 20 15 10 5 years

’ Total
Basis:
OWDC: 81 36 35 5S4 S5 261
® 1

Computerized fbrm:-/ 9 6 35 38 173 261

1/ Based upon station years of data in the Water Quality File felt
usable for an evaluation of long-term trends. Other miscellaneous
measurements may have been included in the computerized file.

Based upon the above screening and the given purpose of the assessment
study (p. 4) as well as the time constraints placed upon its execution, the
assessment was limited to those 88 stations classified above as A, B, C, or D
and having the bulk of data available in computerized form. This basis for
station selection was admittedly quite arbitrary and, given the course of
execution of the analytical aspects of the study, alternative modes of

selection on a more rational basis might have been suggested. However, the

88 sites thus selected were felt to adequately represent the variety of



water-quality conditions across the Nation. At most of these sites,

data have been collected for a "sufficient"z! number of years at each

site so that some evaluation of temporal changes could be carried out as a
part of the assessment. It should be stressed, however, that any results
expressed\in the report are couched within the framework of those sites
whose data were included in the analysis and that, using any other station
configuration, the subsequent results expressed in the report might have
been different.

Based upon the above screening process, the 88 selected stations are
listed in appendix A. For purposes of this study, each station was given a
sequential code number, ranging from "1'" to "88.' Geographical placement
of the selected streamflow quality s%tes is indicated on figure 1.

No NASQAN station records were included in this assessment for the
following six Water Resources Council (WRC) regions (U.S. Geological
Survey, 1972): 04 - Great Lakes; 06 - Tennessee; 07 - Upper Mississippi;
16 - Great Basin; 19 - Alaska; 20 - Hawaii. The number of sampling sites
for any one of the remaining 15 WRC regions ranged from 1 to 14 statidns.
A total of 64 of fhe 220 WRC subregions are represented by one or more
stations in the assessment. Twenty-six States and Puerto Rico are
represented. The greatest State representation included Texas and Florida,
each with 14 sampling sites, reflecting in part the Survey's relatively
large cooperative water-quality basic-data programs in these States. Of
the total sites, 64 stations are located oﬁ.gtreams west of the Mississippi
River. A number of the long-te;m'stétions were originated as a part of

the Survey's Irrigation Network begun in the 1930's. Particular areal

2/ This was determined by the sample sizes (period of record) of Annual
" values necessary to perform the statistical tests.
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deficiencies can be noted in the north central and southeastern
States outside of Florida, a condition which can be attributed to

relatively small Survey water-quality programs in these States.
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Data Limitations

The assessment techniques summarized by this report consisted of
three distinct components for utilizing water-quality data: (1) areal
" (nationwide) variations in streamflow chemical quality, (2) areal
and temporal variaticns in stream temperatures, and (3) long-term
changes in streamflow chemical quality. Although the first two
compdnents of the study were constrained by data available in
computerized form, the data set for a third component, the evalua-
tion or detection of significant time changes in streamflow chemical
quality, was expanded through the use of published annual summaries
of historical data. A brief description of the stepwise procedures
used for each component of the assessment is given in appendix H.

For purposes of this assessment, data records in compﬁterized form
for other water-quality variables such as sediment concentrations
(daily), biol&éically-related variables (except for nitrates), and
minor elements were judged to be insufficient in terms of areal
coverage, frequency of sampling, or of period of record.

Fgr the first component, available chemical analyses for each
station in computer storage for the 1966-72 water-year period were
used directly in formulating statistics for evaluating areal variations
in current water-quality conditions for the sites included in the
assessment. This length qf record (7 years) was selected in order
to obtain a sufficiently large sample size (in terms of numbers of
determinations) at each site for the variables of interest and hope-
fully to average out short-term hydrologic fluctuations (such as
‘extreme wet or dry years) which might appreciably affect the resultant
statistics. For several of the stations, chemical analyses were not

'y}
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available for one or more of years covered by the selected period.
Particularly for recent years (commonly for 1972, and occasionally

for 1971), stream discharges representative of time of sampling may

“not have been included in a station's data matrix. Data sets were

edited so that any data outliers judged attributable to errors in
key punching or in transcribing the data values were eliminated from
the analysis. ‘
For the second component, in order to evaluate areal variability -
and temporal changes in stream temperatures at the selected sites,
daily records available from the Daily Values File were utilized.
Most of these daily records consisted of once daily measurements or
daily mean values dérived from continuous recorders. A few station-
year records were reported as daily maximum or minimum determinations
rather than as &aily mean values. Station-year daily records of stream
temperature available in computerized form and used in the assessment
are summarized in apprndix B-1. A total of 780 years of daily stream
temperatures were used in the analysis for 80 of the 88 sites selected
for the assessment; hence, an average of 9.8 years of record were
available for the 80 stations. _ :
The daily records of stream temperéture frequently had ;issing e o
daily values or gaps in the record, and analysis of the data had to |

take into account these data deficiencies, especially because these

deficiencies were not systematically distributed throughout the records.

12
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For the third component, in order to evaluate long-term changes
in streamflow chemical quality, specific conductance was selected as

the index of overall chemical quality conditions (Steele and Matalas,

1971), and annual mean discharge-weighted statistics were obtained

from the available records at each of the 88 sampling sites selected
by the procedure described in the previous section. A part of thesé
records were in computerized form and the resultant chemical analyses
were stored in the Water Quality File. Where appropriate, the
annual summary tables from designated records retrieved from computer
storage were used, particularly for station records not yet published
and for station-years of monthly or periodic grab samples (see below)
for which no annual summaries were-pﬁblished. Station records were
supplemented with published annual summaries of chemical analyses from
composited sampies for those numerous station records not in computer
storage. N
The available records of streamflow chemical quality for the 88
NASQAN stations selected for the assessment are.designated in appendix
B-2. The letter codings used in the appendix (see explanation in
appendix) designate the several types of streamflow chemical data.
In an evaluation of long-term changes, the need for a common
statistical measure of change in the mean for an annual time series is
indicated by the changes in station operation over time; For example,
at numerous sites chemical analyses have been obtained over the past
3-5 years for grab samples approximately on a monthly frequency

(designated by "M" in appendix B-2) rather than on daily composited

-

.samples (designated by "C" in appendix B-2).

13



In the evaluation of long-term changes, confidence bounds of the
annual mean discharge-weighted values vary greatly according to the sample
sizes (hence, time coverage) used tQ compute the values (see, for

féxample, Steele, 1971, fig. 2). It is nb;ed from the summary table

that annual summaries were not available for numefpusstationyears due
to the following causes: (1) corresponding discharge values for some
or all samples durigg a given station year were missing, (2) errors in
data from which thé‘summary was derived, (3) no summary table was provided
(either published or retrieved from computer storage), (4) sampling
represented only part of tﬁe year, or (5) only miscellaneous analyses
were determined.

The number of years of "dsable" record (indicated in appendix B-2
as NYRS) for each station gives the maximum potential years of record
judged amenable for analysis and evaluation of long-term changes. For
the 86 NASQAN ‘'stations having concurrent measurements of stream discharge
it includes those station years having codes '"C'", "M', "X" (periodic'grab
samples), or "Y" (mixed composite/grab samples) in appendix B-2. Two
stations (03276600 and 03277200, code nﬁmbers 22 and 23) in the Ohio River
basin had no discharge records concurrent with water-quality samples.éj .
Hence, annual time-series at these two sites were time-weighted rather
than discharge-weighted. Station years of record for evaluation of long-
term changes totaled nearly 1500 for the 88 sampling sites. The actual
number of years may be lower in some cases due to missing annual mean
values of eitﬁer stream discharge or specific conductance. In particular,
specific conductances were not reported for some stations whose records
begin prior to 1946. - | |

3/ Daily discharge records are reported for Survey station 03277200
(code 23) beginning in May 1970. .

14




. THE INTERNATIONAL SYSTEM OF UNITS AND CONVERSION FACTORS

For those readers interested in using the International Systems
of Units (SI),  metric equivalents of English units of measure are
given below. The English units used in this report may be

converted to metric units by the following conversion factors:

From Multiply by To Obtain
Unit Abbreviation Unit Abbreviation
feet (ft) 0.3048 metres (m)
- miles (mi) 1.609 kilometres ~ (km)
square miles (miz) . 2.590 square kilometres (kmz)
.cubic feet per (ft3/s) .02832 cubic metres per (m3/s)
second . second
inches (in) 25.4 millimetres (mm)

15
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APPROACH

Two dimensions are considered in the assessment: (1) areal vari-

ations, and (2) long-term changes over time. Due to limitations of data

~available for the study for the selected stations, products of the

-

assessment will be described in terms of (1) streamflow chemical quality,
and (2) stream temperature. In this section, the analytical and
statistical procedures applied to the several types of data will be

discussed.

Areal Breakdown

For purposes of describing results of the assessment, particularly
for the areal variations, the Nation was divided into eight areas. One
station in Puerto Rico was allocated to a ninth area. These areas
generally followed along major basin divisions, and each area with one

exception consisted of one or more of the designated WRC

_iffegions (U.S. Geological Survey, 1972). The area designations for

purposes of this assessment and the stations and WRC regions represented
in each area are given in table 1. The area designations are presented
graphically on figure 2. It should be noted in table 1 and figure 2

that the following WRC regions are not represented by stations in this

1Y tule
study: .
Region Name

04 Great Lakes

06 _ Tennessee

07 Upper Mississippi

16 Great Basin

19 Alaska

20 _ . Hawaii

B
16 "
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X‘\ Stations in WRC region 03 were split into areas I and II for
purposes of this assessment, because two streams (see note 2, table 1)
in the northern part of that region had chemical-quality and thermal
~characteristics more similar to area I (hence, WRC regions 0l and 02).
~The range of station sequence codes for each area (table 1) can be
tied to the information given in appendix A and is shown graphically in
figures 1 and 2.
Given the total number of years of "usable' data (as described
in the previous section) for purposes of evaluating long-term changes
in streamflow chemical quality, the areal distribution of the 88 selected
NASQAN stations by period-of-record classification is given in table
2. The lengths of record given inithis table reflect (1) the supplemental
. annual summary data obtained from Survey basic-data publications to
extend those pa}ts of station records found in computerized form
(p. 7) and (2) the ommission of a few station-years of record judged to
be inadequate after screening and editing of the data. Most class "A"
stations (having 21 ér more years of records) are concentrated in areas
- IV and VII (tablé 2). Many of these sampling sites formerly were included
in the Survey's Irrigation Network. Class "D" and "X'" stations are
predominantly in areas I through VI; these station records are of marginal L
utility in evaluéting long-term trends by virtue of small sample

sizes (in terms of annual time series).

i

T NIRRT SRR .-

)4 .



!! Table 2.--Classification of available records on streamflow
chemical quality for assessment of long-term changes

* Class and Period of Record, N, in Years

A B c D X3/ Total

. number of

ea - N>21 16<N<20 11<N<15 6<N<10 N<5 stations
2 - 2 3 - 7
[ - 3 - 6 3 12
(84 - - 2 1 1 4
J 4 3 3 : 3 - 13
6 . 4 - 2 - 12
I 8 1 4 4 - 17
I1 10 1 1 - - - 12
® 1 -4 4 1 - 10
X - too- -1 - I
;;;15 31 16 17 : 20 4 88

/ '"Usable" data for four of the 88 stations originally catagorized
under classes A through D (table 1) based upon visual inspection
of data-availability were found upon detailed analysis to not be
sufficient; hence, their assigned class status was converted to
class "X".
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Time Changes

An evaluation for detection of significant time changes was
conducted on both stream temperature and streamflow chemical-quality
"data. In both cases, annual time series for each station were utilized
in the evaluation. In the former case, the trend analysis was carried
out on annual series of parameter coefficients derived from harmonic
anal}sis of daily records of stream temperature. In the latter case,
annual specific conductances were considered as an index of changes in
concentrations of the major inorganic solutes.

Several parametric and nonparametric tests of hypotheses for
significant changes were available for the assessment. Examples of the
application of parametric tests for trends in salinity-streamflow
relationships were given by Steele (1970), and Steqle and Gilroy (197i).
A distinct advantage of nonparametric tests (for significance of chaﬁges)

-

is that rigorous assumptions need not be made about the underlying

distributions of the data used in the analysis. For purposes of evaluating

time trends in this assessment, a nonparametric test, Kendall's tau, was

applied to the relevant data. A good reference for practical uses of

nonparametric statistical tests is Conover (1971). -

N
rt,

Stream Temperature -

The time increment for analysis shall be assumed to be a Qater
yeat. The days of the water year will be denotéd by the integers 1 thru
365 or 366, the latter if a leap year is involved. October 1 shall be
denoted by the integer 1; September 30Q shall be denoted by 365 or 366.
Let S(y,j) denote the set of integers corresponding to the days of the

yth year for which some stream temperature measurements are available m

ol
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at tﬁe jth site. Let T(y,j,t) denote the stream temperature measure-

ment at site j on day t in year y, with t € S(y,j).

A
Define the periodic process T (y,j,t) by

?()’:j:t) = M(y,j) + Aj(y,j) sin (bet) + Az(y,j) cos (bet) (1)
with b = 360°/G65 or 366 days) = 0.985 degrees per day.
The increments for days (t) are integers and M(y,j), A;(¥,3), A2(Y,J)

are coefficients to be determined by the method of least squares as

follows.
Let
- * A 3 '
d(y,j,t) = T(y,j,t) - T()’»Jat) : (2)
. for t € S(y,j) and let ‘
2,3 = £ &,i.t). | )
teS(y,j) ‘

Then M(y,j),Al(y,j)}and A;(y,3}) are obtained as those values which
minimize d2(y,j). Hence, M(y,j), A;(y,j), and A, (s 3) are obtained by

~ performing the classical regression of T(y,j,t) on sin(b®t) and cos(b® t).

Now let
2. . 2, . 2. .
A (y,3) = Aj(¥,3) + A (y,3) 4 .
and C(y,j) = tan" A200.1) )
Ay (y,3) T

This procedure is similar to that used previously by Ward (1963) and
Collings (1969), and the annual harmonic used in the analysis may be con-

sidered having the following form:

T (7,3,8) = M(y,3) + AGr,3) 5in [bet + C(v,i)] (6)

- "
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Thu;$\if at the jth station, there are N; years of record, the jth

J
station has associated with it the three sequences
A(]-aJ:)a A(Z’j)b"'-.! A(Nj’.]:) (73)
M(]'!J.]» M(Z,J.),---, M(NjaJ) (7b)
C(I!J): C(Z»J):"“» C(NJaJ) (7C)

A fourth sequence is defined by taking the sum A(y,j) + M(y,j) = AM(y,])
for y = 1,2,--, N; ‘ |
Each of these four sequences of coefficients at each site is then
examined for trend by applying Kendall’s tau.

At each of 80 stations distributed throughout the United States
having stream temperature records (appendix B-1), the above four
sequences of coefficients were determined.

Annual harmonic fits of daily.;tream temperature records at each
of the 80 stations that were used in evaluating long-term changes in
the coefficient; are tabulated in appendix C. Note in several cases
that the number of missing or zero-teméerature days (difference between
total number of days of year and NDAYS) is quite large. Intervals of
at or near 0°C temperatures (observed during winter months at several
stations) were treated in the analysis as missing days (hence, were not
included in the regression computation) in order not to distort the harmonic
fit of stream temperature for non-zero temperature days.

The four harmonic coefficients { A(y,j), C(¥,i), M(y,j), AM(¥,j) }
fory = 1,--,Nj, give a gross, overall measure of the anﬁual variability
of stream temperatures at each sampling site. The relative magnitudes
of these annual harmonic coefficients over the available périod of
record at each site would therefoz; give some idea of how the annual

‘stream temperatures at each of the 80 stations having temperature records



(appendix B-1), have varied over the period of record. A non-statistical

subjective concept of a trend is that any one particular sequence of

numbers will be said to have a trend if the numbers toward the end of
,thé sequence tend to be greater than the numbers at the beginning of
the sequence (uﬁward trend) br less than the numbers at the beginning
of the sequence (downward trend).(Conover, 1971, p. 130). Kendall's
tau test for trend formalizes this conce?t. The absolute magnitude
of the difference is not considered at this stage of the analysis.

As a screening technique to determine those stations to be

investigated more thoroughly, a nonparametric test for trend, Kendall's

tau was used on each of the four sequences of coefficients for each of
the 80 stations. The nonparametric ha;ure of this test implies no
. reliance on a specified mathematical form for the probability distribution
function of the.coefficients. Kendall's tau statistic is applied by
simply ranking the data‘according to mﬁgnitude and assessing whether
the data (that is the time series for a given harmonic coefficient) in
the early part of the record are larger or smaller than the data in
the later part of the record. Thus, the test depends only on the
relative magnitudes of the data. The test procedure used was two-tailed
so that the null hypothesis was that there was no trend. That is, the
sequence of numbers is distributed identically throughout the period

of record. The significance level chosen for screening purposes was 0.01.

Bounds for the significance level actually attained by the sample

e ~ statistic are given in table 4 (see p. 44). The coefficients were .
'A’ rounded to tenths (°C for Aj and Mj and radians for Cj) for purposes of

the trend analyses.
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For any sequence showing a trend over time a split of the

record into two parts was made by visual inspection and a 98 percent

‘confidence interval for the difference between the means of the two

_periods was found by using the Mann-Whitney test statistic.

-

Chemical Quality of Streamflow

- For each of 88 stations the following analysis of the relationship
between specific conductance and discharge was carried out. At the ith.

site specific conductance and discharge were measured concurrently Nj

- times in the jth year. These concurrent measurements of specific conduc-

tance (K) and discharge (Q) at site i in year j are noted by

for times in the year t =1, 2, ..., N: at which samples were collected

J
and analyzed. The annual mean discharge, Q (3), for the ith site in
the jth year is given by o -
' . 1 Nj .
G () =1 P & U, ). (8)
t=1

‘The discharge-weighted annual mean specific conductance value, K; (j),

for the ith site in the jth year is given by
. Nj
Ky () =% AL RENC RO IO
t =

where the weight function Wi (G, t) is given by
-1
Wiy G, t) =Q (G, t) [Nj Q4 ()], (@10)
It should be noted that

N;
W (G, t) =1, (1)
t=1 - . )

25
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Let N; denote the number of annual values of discharge-weighted

specific conductance values and of stream discharges thus obtained

- at station i. These N; values were transformed into log space with

Xi (3)
Y; (3)

logip Q () (12a)
logig K; () (12b)

forj =1, 2, ... Nj.

. TheAset of Nj-ordered pairs X; (j) and Yj (j) were then used to
determine the ordinary linear least square regression line‘?i ()
where

Y, =Tien ) - %l (13)
where ?; and i& are the sample mean values of the Y; (j) and X; (i),
respectively, and by is the slope of'thg regression line. The regression
relation given in equation (13) is an indicator of the relation between
specific conductance and discharge. The regression relation would
help one in determining what proportion of the variation in specific
conductance values (Yj) is explained by variation in annual mean
discharges (Xi). _Also, a change in the regression relation from one

time period to another would be an indication of change in the quality

of the stream over and above changes in flow.

1~

To assist in determining whether a change in the regression o
relationship had taken place the residuals, ei (j), defined by
s G) = Y; () - %y G) (14)
were analyzed. As in the case of the analysis of the annual harmonic
coefficients, Kendall's tau was applied at each site as a screening

technique to detect any trends in the regression residuals. A two-tailed

-
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test with significance level set at 0.01 was used for this screening

purpose. The same nonparametric test was applied to the X; (3) and

Y; (j) annual series also. Because the Kendall's tau statistic is a-

function only of the ranks of the dafa--the relative magnitudes of the
ndmbers in the sequencé--and because the logarithmic transformation is
monotonically increasing, the test statistic yields the same result‘
whether applied to the actual data or the logarithms thereof (see
equations 12a and 12b).

- If a trend was found in the regression residuals at a site,
visual inspection of the residuals then was used to determine the point
in the time series at which a change in the regression relation occurred.
Commonly, a clear pattern developed.gf residuals in the first time
period being mostly all positive (negative) while those in the second
time period were mostly all ﬁegative (positive).

The Kendall's tau test was applied concurrently to the annual series
(log-transformed) of stream &ischarge and specific conductance. It might
be expected, in a few cases, that observed significant increases (decreases)
in levels of specific conductance might be due to correspondlng decreases
(increases) in annual streamflows. These effects could be compensatory
so that no trend was apparent in the conductance-discharge regression

residuals (see equation 14 ). Time changes in streamflow may or may

not be attributed to man-inducad causes.
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E Areal conditions ‘

In order to depict 'current' conditions of streamflow quality

nationwide, annual harmonic coefficients of stream temperature and
selected records of streamflow chemical quality were examined for
areal variations. Results of the analysis were grouped into the
several areas of one or more WRC fegions described above for purposes

! of distinguishing gross differences in the various quality characteristics
of sfreamflow. In this manner, individual idiosyncrasies of sampling |

sites are in part masked out in order to give a more general representa-

tion of overall quality conditions in the Nation.
Stream temperature

The methodology of harmonic anaiysis of daily records of stream
temperatures described above for time changes was also utilized to
depict areal conditions. The annual series of sequences of harmonic
coefficients A, C, and Mi/(harmonic amplitude, phase coefficient, and
mean, respectively), were summarized statistically over the period
of record for each station in order to depict average characteristics
of stream temperature nationwide. Areal conditions of stream
temperature were described in terms of these coefficients rather
than in terms of the data themselves, in part, because of problems

_encountered with missing daily values or gaps in the record which occurred

for almost all station-years of record. Because few station records

were readily available for analysis prior to the 1960 water year (see
appéndix B-1), the entire period of record available at each sampling
site was used to summarize the characteristics of stream temperatures.

4/ short-hand notation for A(y,j), C(y,j), and M(y,j), respectively b

(see equation 6 ). Pys
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The effects of trends observed in some of the sequences of harmonic

(parameter) coefficients hence wiil be ignored in this phase of the

" assessment.

The characteristics of the harmonic parameters are expressed
in terms of the mean and standard deviation of the values for the
period of record available for each of the 80 NASQAN stations with
daily stream-temperature data. These mean annual charaéte;istics

are then compared for stations grouped by areal designation (table 1).
Chemical quality of streamflow

The sets of data constituting available laboratory analyses for
the 88 NASQAN stations for the 1966-72 water years were used for
the assessment of areal conditions in streamflow chemical quality. The
number of samplés and the numbef of determinations for the variables
of interest were highly variable from station to station during the
designated period of record. That is to say, any given variable may
not have been analyzed for a number of the total samples for the period.
The data set for>ea§h station was obtained from the data available in
the Water Quality File of the Geological Survey's National Water Data
Storagé and Retrieval System (see appendix B-2). Several station-years
of data are not represented; specifically, the data for 1972 water year were -~
not yet available at the time of the assessment study for several

stations in the western United States.
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The following variables were selected for summarizing areal
conditions: stream discharge (Q), nitrate (NO3), chloride (C1 ),

dissolved solids (DS), total hardness (HRD), and specific conductance

. (Ksc). Because of different methods of determination, dissolved-

solids values are sto:ed by two parameter codes in the data
system: (1) residue-on-evaporation (DSR) and (2) sum-of-constituenfs
(DSS). Where significant amount of suspended organic material is
included in a given sample (such as in south-central and southeastefn
U.S. streams), these two values for a given sample may be substantially
different.

The available data for the selected variables are summarized for
each station by listing the minimumﬂbbserved value, mean value, and

maximum observed value. Gross variations in areal conditions are then

"~ noted by the deéignated areal breakdown of the 88 sampling sites into

groupings. Implicit in this kind of statistical summary is the
assumption that significant changes in streamflow chemical-quality

conditions for the period of record (7 years) are minimal.

4]



RESULTS

In discussing the analytical and statistical results of the

assessment, stream temperature will be considered separately from

" streamflow chemical quality. This is felt,justified because the

sources of data, the periods of available record for each station,
and treatment of the data are distinct in the two cases. Iﬂ
summarizing areal variations and characteristics of streamflow
chemical quality nationwide, major consideration was given to the
"current" period of record, defined for purposes of this assessment
to be available chemical analyses for the 1966-72 water years.

Areal variations in streamflow
chemical quality

Variations in streamflow chemical quality as given by analysis
of the available data are described by the areal designations as given
in table 1. In this m;nner, streamflow chemical-quality characteristics
can be conveniently compared for appropriate clusters of stations within
each area, in order to more readily generalize the relevant chafacteristics
and to point out anomalous situations for individual sampling sites
relative to the cluster of stationms.

The variables selected for inclusion in the study for purposes
of depicting areal variations in streamflow chemical quality and in
overall flow conditions were listed above (p. 30). Data for other
variables (predominantly the major inorganic constituents) were also

analyzed but will not be summarized in this report for lack of space

- -
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and time. Besides, several of these variables are highly correlated

- with either dissolved solids or specific conductance, and the latter

variable m;y aptly serve as an indicator of variations in chemical
composition (Steele and Matalas, 1971). Descriptive summaries will be
made in terms of mean and extreme data values for the above selected
variables..

- A summary of selected statistical measures by station for
available data during 1966-72 water years is given in appendix D.
Station results are clustered by areal designation (given in table 1)
to facilitate the discussion below. The summary results in appendix D
may be compared with the long-term annual statistics (appendix E) for
the entire period of record. Mean yélues for specific variables in the
two tables are frequently quite similar, despite the fact that they
have been deriv;d using two distinct types of data (available sets of
discrete chemical analyses in appendix D versus annual mean discharge-
weighted values in appendix E). Because mean values in appendix D
are derived by simple averaging (that is, no weighting for level of
streamflow), they may in some instances be substantially higher than
corresponding values in appendii E. Except where specifically noted, the
foilowing areal descriptions will be based upon the statistical results -
provided in appendix D for depicting '"current" conditions in streamflow
chemical quality. Data for nearly 16,000 chemical analyses for the
88 stations are incorporated into the statistical summary tabulated in

appendix D.



The geographical distribution of mean specific conductances is
given in figure 3. Station coded symbols plotted on the map indicate

five discrete ranges in specific conductances. Nationwide, nearly 22

percent of the mean K . values (for 19 stations) fell below 250 micromhos/cm.

Twelve of these stations are located east of the Mississippi River and ? i

in Puerto Rico (areas I-III and IX, respectively, see figure 2), and -

another five are located on the Pacific coast (area VIII). ‘The re-

maiﬁing frequency distributions of mean K . values are summarized in

table 3a. Of the 48 stations exhibiting Kg. values greater than

500 micromhos/cm, 40 are located in areas II-VII covering the central

areas of the United States not covered above. Four of the five sites
. with mean Ksc values greater than 4,600 micromhos/cm are located in area

VI (Texas Gulf and Rio Grande); ;he fifth is located in Oklahoma in the

Arkansas River ﬂﬁsin (area V). |

Similar distributions are indicated by total hardness and chloride

concentrations. Breakdown by ranges of concentrations for these two g

variables based upon the values given in appendix D are given in tables

3b and 3c.
Table 3--Frequency distribution of mean values B
of selected variables
g
a. Specific conductance b. Total hardness I
Number of Range of mean values Number of - Range of mean concen-
Stations (micromhos/cm) Stations trations (mg/1 as CaCOz)
19 70-250 25 10-120
21 251-500 42 121-300
30 501-1000 15 301-500
D 13 1001-4000 -6 >500
S >4000
88 Total Stations 88 Total Stations

"
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Table 3.--Frequency distribution of mean values of selected

, variables--continued \
S ¢. Chloride
{ Number of Range of mean concentrations
' Stations . : (mg/1)
. 72 0-100
7 101-250
3 : 251-500
6 >500

88 Total Stations

o w o>

Streamflow at 21 stations could be considered as excessively
hard (that is, with mean HRD concentrations greater than 300 mg/1

as CaCOz). Mean Cl concentrations of nearly 82 percent of the

sambling sites included in the studx;were less than 100 mg/1. The

- -— -

extreme ranges of K HRD, and C1 values, indicated in figure 3 or

sc?

‘ * in table 3, involves a total of nine stations, three of which were
represented in the case of all three variables. Eight of these nine

stations with high levels of either K HRD, or C1 are located in

sc?

PR

areas V and VI (see table 1 and figure 2).
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Atlantic Coast (above Florida)

With the exception of Survey station 01474500, streamflow

chemical-quality index characteristics indicate quite dilute conditions,

both on an average or an extreme basis. For the other six stations

in this area, mean DS concentrations do not exceed 100 mg/1

(for either DSR or DSS) and maximum DS concentrations for

the 1966-72 water years have never exceeded 140 mg/1 (appendix D).

Total hardnesses for streamflows at these six sites are-low enough to

fall into the soft-water category. Chlorides never exceed 30 mg/l1 and

NO3 concentrations never exceed 12 mg/1, based upon the samples collected.
Data from Survey station 01474500 (sequence code 03) exhibited higher

concentrations for all variables described relative to data of the other

six stations. Nitrate levels'were anomalously high (mean of 12 mg/1 as

NOg with measu?ed maximum of 22 mg/1 as NOz). Although concentrations of

the other quality variables were high for this area (based upon records

for the seven stations selected for the assessment), they are still below

corresponding levels in areas II-VIII (see also appendix E).

Florida and Eastern Gulf
Discharge levels and drainage areas for the 12 stations included
in this area are relatively low. Nitrate levels are quite low--means
never exceeding 1.5 mg/l and the highest maximum being 8.3 mg/1 for
any of the selected samples. Concentrations of dissolved constituents
for several of the streams are quite high--mean DSS for three of the

sites exceeds 500 mg/1 with corresponding mean Cl concentrations ranging between

-

.180-200 mg/1. Hardness concentrations are relatively high, with 8 of the 12
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stations having average HRD concentration in excess of 100 mg/l (as CaCOz).

‘It should be noted in table 3 that sample sizes for variables for

several of the stations are quite low.

The statistics for annual mean values (appendix E) for the set
of- stations in this designated area (II) indicate that, over the longer
term, quality conditions have not been as high as indicated by the data
for 1966-72 water years (appendix D). Comparative streamflow
conditions in the two appendices (D and E) (mean Q values) at Survey
station 02277000 (sequence code 13) and at Survey station 02285000
(sequence code 14) are radically different, indicating the effects of

small sample size on stream-discharge statistics at each station.
Ohio River basin

This area‘(designated as III in table 1) corresponds with WRC
region 0S5 and is contained in the Survey's basin numbering scheme as
hydrologic region 03. Unfortunately, records for only four NASQAN
stations represent this area, and two of the sites (sequence codes 22
and 23) had no discharge data reported jointly with data on streamflow
chemical quality. Hence, any generalization of streamflow quality
conditions for this area will be limited. Mean DS concentrations at the

four stations range from 152-431 mg/l. Corresponding mean HRD

‘concentrations range from 100-308, with the stream with the highest HRD

(station 03276600, sequence code 22) also exhibiting the highest mean
DS and K;. values (431 mg/l and 692 micromhos/cm, respectively). Mean

and maximum Cl concentrations are low, with observed maximum Cl concentration

-t .

<7



- TTERNEE ROt e umm— RTINS -

T AETTRETETTEERE AT g Va., v

B - -

never exceeding 170 mg/l. Nitrates for two sites (03049655 and 03251500,

- sequence codes 20 and 21) are consistently below the recommended limits

for drinking water standards (FWPCA, 1968, p. 23) of 45 mg/l as N03. *In

contrast, NO3 at the other two sites (03276600 and 03277200, sequence

lcodes 22 and 23) are relatively high, with mean concentrations of 15 and

7.0 mg/1, respectively, and méximum concentrations of 42 and 22 mg/1,

respectively, but still below recommended drinking water standards.

Souris, Red, and Missouri River basins
. Streamflow chemical-qﬁality conditions in area IV are areally highly

variable. Drainage areas of the selected streamflow sites range from
5,329 to 414,400 miz or 13,800 kn? to'},073,300 kmz (for Survey stations
06308500 ana 06807000, sequence codes 30 and 33, respectively, appendix
A). This range-is reflected in the variability in mean Q reported in
appendix D. . ‘ ' -

Nitrates are generally quite low, with mean concentrations never
exceeding 6.0 mg/l. However, in several instances, observed maximum
NO; concentrations have exceeded 10 mg/l and in two instances have been
as much as 26 mg/l.

Mean Cl1 concentrations range from 5.9 to 67 mg/l for the 13
stations included in the study. Mean DS concentrations range from 230 to
nearly. 1,100 mg/1; in five instances, mean concentrations exceeded
500 mg/1. Mean HRD concentrations are consistently more than 100 mg/1
and reach as much as 537 mg/l as CaCO3 (for Survey station 06478500,

sequence code 32).

* -t .
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Arkansas and Red River basins

As for the previous area, streamflow quality conditions for the

12 sites representing these two major basins are highly variable and,

in several instances are relatively saline.

f The Arkansas River at Dodge City, Kansas; at Arkansas City, Kansas;
and near Tulsa, Oklahoma (Survey stations 07139500, 07146500 and
07164400; sequence codes 37, 38, and 40, respectively) exhibited DS
concentrations ranging from 974 to 1,850 mg/l. The Cimarron River at
Perkins, Oklahoma (Survey station 07161000), exhibited the most saline
conditions of the 12 stations in the area. Average and maximum DS
concentrations were 5,240 and 15,700 mg/l respectively, with concurrent
Cl concentrations of 2,730 and 8,600fmg/1, respectively. Corresponding

concentrations from the annual mean series (appendix E) indicate slightly

" lower estimates of long-term average conditions on an annual basis.

On the other extreme, streamflow chemical-quality conditions at

Survey station 07367000 (sequence code 48) (in WRC region 08) are quite

dilute except for NOz, which ranged between 0.2 and 25 mg/1 and averaged
S.1 mg/l. For the levels of K;. at that site, HRD concentrations are
relatively low, and Cl concentrations are relatively high.but still low
in absolute terms.

Mean HRD concentrations for the other 11 sampling sites all exceeded
100 mg/1, with concentrations for the four relatively saiine stations
described above ranging from 258 to 837 mg/l as CaCO3. Mean NO3
concentrations ranged from 0.3 to 8.7 mg/l, with maximum observed NO3
concentrations exceeding the drinking water standards in none of the

- .

12 cases.
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Texas Gulf and Rio Grande

kgcords for 17 NASQAN stations were included in this area (VI)

for summarizing current conditions of streamflow chemical quality.

.Hydrologic conditions in this area range from a mean annual rainfall

of more than 50 in. (1,270 mm) in Eastern Texas to less than 10 in.
(254 mm) in the far western part of Texas (Steele a<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>